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LOCATION OF MISSING VEHICLES 

FIELD OF THE INVENTION 

This invention relates to use of t Global Positioning 5 
System or other location system for location of missing 
vehicles >m l to communication on demand of vehicle 
location information by a missing vehicle. 

BACKGROUND OF THE INVENTION 10 

Movable vehicle*, such as automobiles, trucks, buses, 
boats, airplanes, motorcycles and motorized bicycles, 
are occasionally misplaced, lost or stolen, sometimes 
permanently. Between one and two p er ce nt of the auto- 
mobiles three years old or less are stolen or taken, and 13 
the per centa ge of recovery of such vehicles b about 63 
percent Several inventors have developed methods 
that might be used to recover a missing vehicle, by 
continuous tracking of that vehicle. 

A personnel locator system is disclosed in U.S. Pat. 20 
No. 3,439,32a isaned to Ward. Each person carries a 
sensor/transmitter that emits a unique frequency when* 
ever that person enters any one of a plurality of selected 
areas in a facility, with each such area having a receiver 
that receives this signal and transmits this alternation to -3 
a central pr oce ssor . The processor keeps track of the 
movements of each person from one selected area to 
another area so that, at any given time, the processor 
can identify the selected area a given person now occu- 
pies. This approach is limited to a relatively small geo- *> 
graphic area and to a relatively small number of cov- 
ered persons. 

Serrano et al disclose a microprocessor-controlled 
internee for a ceOnlar phone system to be carried in a 
vehicle, m U.S. Pal. No. 4,71 $,080. A telephone handset 33 
communicates with the cellular transceiver along a bus 
and »fc™"gh the microprocessor that interprets bus 
logic signals, including voice and data signals. No inte- 
gration a dnclot-H of the on-board cellular system with 
any insliuni ent that i e pulis vehicle operating mfbrma- 40 
tion upon command received from a remote site. 

U.S. Pat No. 4,797,671, issued to Toal et al, discloses 
a motor vehicle locator system that mdrates the loca- 
tion of a parked vehicle wn^hm a conrxo 
a large parking lot Each parked vehicle carries a re- 43 
cerver and andio/vijual signal emitter. The receiver 
i ^ i r/^ tr l t only to receipt of a signal having a unique 
frequency and causes the to emit an anrtihlr or 

visually y mti rt iM * signal that ""*^* f ** the present 
location of the parked vehicle. This approach requires 50 
that the vehicle be located within a controlled area of 
modest size, probably no larger than a city block. 

Ando et aU in U.S. Pat No, 4,837,700, disclose 
method and apparatus for processing and displaying the 
present location of a road vehicle, using a GPS receiver 55 
to provide data on vehicle location. This approach 
provides cot itinu ocs mformancn on vehicle l ocati on 
mnA vehicle orientation or movement vector based upon 
sensing the Earth's local geomagnetic field direction. 
An angular rate sensor determines, and optionally dis- 60 
plays, the angular rate of change of vehicle orientation, 
yurf tn n^wrwt^r ^wfflinw the distance the vehicle has 
moved over some predetermined time interval The 
present vehicle location can be displayed graphically on 
an electronic map carried within the vehicle, with a 65 
sequence of maps being used to display the changing 
vehicle l oc a tion Map size can also be increased or de- 
creased, and the displayed map can be automatically 
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scrolled as vehicle position changes* A keyboard is 
available for entering instructions into a controller or 
processor. A reference location can be entered into the 
system, and vehicle location can be determined relative 
5 to this reference location. The location data can be 
stored if these data are acceptable and can be dumped 
into a bit bucket if these data are not a c c ep ta bl e, 

In U.S. Pat No. 4,924,402, Ando et al disclose a more 
detailed approach for determining and graphically dis- 
10 playing vehicle location using a GPS. This system uses 
a ma gr**"* field sensor, an angular velocity sensor and 
a travel distance sensor together with GPS data and 
stores maps together with numerical data that describe 
useful features of the local terrain. Sensing of vehicle 
13 distance traveled and directional rams made is intended 
to be sufficiently accurate that the map displays the 
location of the vehicle relative to road intersections 
(Le-, approaching, passing through, turning, etc). With 
reference to FIGS. 16-17, 22, 27-28 and 30, the inven- 
tioo appears to put a premium on receiving GPS data 
tw are accurate to within one meter. 

A paging system with paging request receivers that 
respond or are controlled differently, depending upon 
receiver location, is disclosed by Vrijkorte in U.S. Pat 
U No. 4,943,803. Using "angle modulation'' whose opera- 
tion is not -ip 1 the paging request receiver is said 
to pick out the strongest transmission control signal 
from f ftymg simultaneously transmitted control signals 
and to respond to this signal, if the signal received in- 
50 dudes the receiver's predetermined address code. The 
receiver goes into a M *leeper" mode if no signals specifi- 
cally addressed to that receiver are received within a 
selected time interval. The receiver is activated for 
, 5 receiving a control message by receipt of a receiver 
activation signal that may vary with the geographic 
zone presently occupied by the receiver. 

A portable target locator system is disclosed by Rusz- 
kowski in U.S. Pat No. 4,949,089. The locator uses a 
40 laser beam target locator and a GPS. The target locator 
is «*n^ by an observer on the ground at a nearby tar- 
get, u a moving tank. The position of the target is 
****** nmg a return signal received by the target loca- 
tor, and the position coordinates are transmitted by a 
45 modem to a weapon system, such as an aircraft. The 
weapon system uses das target position to dfrectabomb 
or whatever to the target. If GPS position in formation 
b unavailable, the target position is determined manu- 
ally. The target lccatc^ includes a 
SO tor that determines the target location relative to the 
K»t m director location and orientation. This informa- 
tion is transmitted to the weapon system, which also 
senses its own GPS-determined system sad determines 
target position by an approach that may use differential 
55 positioning, 

Nishikawa et al disclose a land vehicle navigation 
system in U.S. Pat No. 4,949,268- A combination of 
three or more GPS satellites b selected, from among all 
available GPS satellites, that provides the best vehicle 
60 kwanondata. Here, a figure of merft used b mmmunn 
position dilution of precision ("PDOP") associated with 
the data received from a given group of GPS ntrilitrt 
Thb approach seeks to account for the possibility that 
one or more buildings or other structures of relatively 
65 great height may preclude satellite visibility. The height 
of the structures m that area may be stored as part of a 
map m a GPS processor on board the land vehicle 
whose location b to be determined. The oo-bosrd sys* 
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tern seeks combinations with the highest number of 
satellites visible, then works from these combinations to 
minimize the PDOP or a similar figure of merit for GPS 
position data. 

Bezm et al disclose a system for managing already- 5 
paid vehicle parking fares by means of information 
cards affixed to the vehicles, in U.S. Pat No. 4,982,070. 
The card contains a confidential identification number 
for the vehicle and the prepaid vehicle parking and 
includes an adhesive label that allows the card to be 10 
affixed to a vehicle windshield or another visible area. 
A portable card checking machine, carded by a roving 
parking lot operator, aDows readout of this information 
from the card* 

A satellite signal tracking method for signal reacquisi- IS 
txon in the presence of a "dead zone", such as a tunnel 
or very tall adjacent building that interrupts receipt of 
all GPS signals, is disctarri by Ando in U.S. Pat No. 
4,983,980. The tracking system determines the satellite 
that had the elevation angle at the moment 20 

the GPS signals are inia x opte d and seeks and m-tracks 
that satellite as soon as the receiver clears the dead 
zone. The signal from the satellite with the next highest 
elevation angle b ***** reacquired and re-tracked, and so 
on. This allegedly the time for signal reaccjtri- 25 

sition. little quantitative information is dis close d in das 
patent 

Scribner et al disclose a vehicle tracking system that 
records, bat does not transmit the location of a vehicle 
whenever one or more predetermined events ocean in 30 
U.S. Pat No. 5,014,206. The vehicle carries sensors that 
respond to ' jrru rT — of a predetermined event and 
carries a GPS or LORAN navigational system that 
receives vehicle location information, such as longifnrtr 
and latitude. This vemck location mformation a stored 3$ 
in a memory on board the vehicle only when one or 
more of the predetermined events occurs. The vehick 
location mxbnnatxon is assumed to be read out periodi- 
cally when the vehicle returns to a home base. 

In VS. Pat No. 5,043,736, Darnell et al disclose use 40 
of a combined cellular telephone and GPS portable 
receiver system that provides latitude and longitude 
coordinate mformation for the receiver. The GPS re- 
ceiver has a modem and txarnmittrr connected thereto 
that transmit its position to an accesaibfe celhlar phone, 45 
which m turn notifies a st ati on ar y base unit of the kxa» 
tion of the GPS receiver. The base unit graphically 
displays the present location of the GPS receiver. Tms 
patent does not disclose communic a tion with the re- 
ceiver by a paging system located elsewhere, to activate 50 
the transmitter and modem* nor activation of a GPS 
receiver m a vehicle that is later d^terinined to be nnas- 
mg. 

Oo-board navigation apparatus, to be carded on a 
vehick to compare present and hmnediate-pest kxa- 55 
tions as determined from GPS data, is dxsrkitfri by 
Odagawa et al m US. Pat No. 5,087,919. A map con- 
taming coordinates for all roads m a region of the 
Earth's surface is stored electronically m a navigation 
system on board the vehicle, as part of a "map" of the 60 
region. The navigation system apparently assumes that 
the vehick stays on one of the roads. Using the continu- 
ously arriving GPS data, the system searches for the 
nearest road segment that is consistent with these data 
to determine present location of the vehick. Only lar> 65 
rude and longitude data are nefd^d here so mat fewer 
than four may be used to determine the present 

location Elevation data are provided 
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description stored in the navigation system. This system 
would not work weO for a vehicle, such as an off-road 
land vehicle or a marine vessel, that has no fixed system 
of roads or paths to follow. This approach would not be 
5 particularly useful in determining the location of a sto- 
len vehicle, unless the thief could be relied upon to stay 
on the conventionally describable roads. 

Timothy et aL m U.S. Pat No. 5.10U56. disclose 
providing a surface or airborne vehicle with three 
10 spaced apart antennas, each connected to a GPS re- 
ceiver. The receiver output signals are connected to a 
phase comparator system that compares GPS signal 
ph««* differences and determines the vehicle attitude or 
orientation (pitch, roll and yaw) relative to a fixed spa- 
15 ual frame. Location of the vehicle is not of interest here. 
Lojack Corp. of Dedham, Mass. has demonstrated a 
vehicle location system using triangulanoo of radio 
«i gn«i« transmitted from the vehicle by a large number 
of receivers that are strategically positioned around a 
20 community. The vehicle transmitter is remotely acti- 
vated by a signal broadcast from elsewhere. 

These patents disclose use of GPS or relaxed technol- 
ogy for detennmaoon of location or orientation of a 
person or vehicle continuously or at discrete times, 
25 without regard to the associated co n s ump tion of power, 
cost of tracking the vehicle, or cost of communicating 
the vehicle location. What is needed is a system that 
allows determination of location of a vehicle only when 
a trigger event occurs, such as misplacement or theft or 
30 unauthorized movement of the vehicle, so that power 
usage is controllable and is minimized, and communica* 
tkm from and tracking of the vehicle are minimized. 
The system should allow communication at wiD be- 
tween the GPS receiver and an inquirer located else* 
35 where. 

SUMMARY OF THE INVENTION 

These needs are met by the invention, which provides 
method and apparatus for detennmstion of vehicle loca- 
40 tkm, usually when a trigger event occurs, such as deter- 
mination that the vehicle is missing or that the vehicle 
has been moved without disabling a (Dent alarm on the 
vehicle. When the trigger event occurs, the vehicle 
owner or operator contacts a vehicle location service 
45 center, which broadcasts a page requesting the present 
location of the vehicle. The paging resposder responds 
by notifying another entity, either electronically or 
visually or aurally, that the responder has received a 
page request focused on that page responder. The target 
50 of the page signal, usually a person or another elec- 
tronic communications device* then res p onds in a pre- 
determined manner. A battery back-up is optionally 
provided to provide power for this apparatus. 
The page request from the vehicle location service 
55 center is received by a paging responder installed in the 
vehicle. A controller/modem, a Global Positioning 
System receiver/processor and a cellular telephone are 
also i mt i flf^ in the vehicle, The paging r es p onder 
causes the controller/modem to interrogate the GPS 
60 receiver/processor to determine the present location of 
the vehicle. The recover/processor determines the 
present vehicle location, from signals received by the 
receiver/processor from one or more GPS s a tellite* , 
and smTMirmift** the present vehicle location inform** 
65 tkm to the coutroUer/modem. The coctroQer/modem 
causes the cellular telephone to contact the vehicle 
location service center and to transmit to the center the 
present vehicle location information, for subsequent 
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recovery of the vehicle or a related purpose. The page 
request may be coded to solicit one or more of several 
predetermined responses by the vehicle, such as con* 
tacting different telephone numbers. The GPS recei- 
ver/processor can be replaced by a receiver/processor 5 
tbu works with a LORAN system, or with a group of 
gyroscopes or local magnetic field sensors mounted on 
the vehicle. 

The method and apparatus of the invention provide a 
missing vehicle locator system that allows a missing 10 
vehicle to be located anywhere on the Earth's surface 
that can be reached by a vehicle location paging request 
and GPS signals The portion of the apparatus con- 
tamed m the vehicle is preferably hidden and not in 
plain view of any person within or adjacent to the veh> 15 
cle. Communications between the page broadcaster, the 
vehicle location center and the missing vehicle do not 
call tffntfo* to themselves so that no one in or adjacent 
to the missing vehicle is aware that such cemmunicft- 
oons are being transmitted. 20 

Because vehicle location a only reported after occur- 
rence of a trigger event, such as determination that the 
vehicle is missing, the vehicle location service center 
tracks only a relatively small number of vehicles at one 
tim^ namely missing vehicles. 25 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 is a schematic view of apparatus for practice 
of the invention. 

FIGS. 2 and 3 are flow charts for practice according 30 
to two embodiments of the invention. 

FIGS. 4 and 3 are schematic, views of apparatus ac- 
cording to the two embodiments of the invention. 

DETAILED DESCRIPTION OF THE 33 
INVENTION 

FIG. 1 illustrates apparatus used to locate a missing 
vehicle acc ordin g to the invention. A vehicle owner or 
operator 11 realizes that his/her vehicle 13 is missing 
and initiates a GFS-asststed search for the vehicle by 40 
notifying a vehicle location center 13. The vehicle loca- 
tor center 13 sends a vehicle pager request to a pager 
network 17, or initiates a vehicle pager request itself. A 
vehicle page is broadcast, specifying the missing vehicle 
13by means of a unique kknthVmgc^ ad 45 
other appiopriate vehicle ioenftmcatian means. The 
vehicle 13 carries a paging responder 19, a coctroBer/- 
hmvUi mw%A j nr * ^*^* 21, a ceflnlar 23 and 

tisnriatrrl antenna 24* and a GPS spud receiver/- 
prooesaor 23 that are ejectropjeally oormrrtrri together. SO 
Preferably, each of these devices is count irrl on or 
within the vehicle 13. For example, the receiver/* 
pr o cess or 23 has one or more GPS antennas 27 (also 
hidden) to receive GPS position signals Slj and 
S2j(j= A, B, Q at the two frequencies used by each of 55 
the one or more GPS satellites 29 A, 29B and 29C that 
uamuiit such signals. This (or antennas ) 27 can 

be mounted on or within one or more bumpers 31 or 
other projections of the vehicle 13, on a rear or side 
window of the vehicle, within a roof or top panel 33 of 40 
the vehicle 13, or elsewhere. Preferably, the tntmnat 24 
and 27 are mounted on the vehicle so that the presence 
of these antennas is hard to detect 

A **page as used herein, is a radiowave or other 
electronic ^mfflr^^i broadcast in a srirrtrrt fire- 65 
quency band, that is mtmdrd only for and is sensed only 
by a particular receiver, referred to herein as a paging 
responder. A person or electronic device that carries or 
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is attached to the paging responded then responds by 
placing a telephone call or by performing some other 
task to respond affirmatively to the page. Operation of 
a paging system is discussed by Ward in U.S. Pat No. 

5 3,439,320 and by Bunting in U.S. Pat. No. 3,599,200, 
both incorporated herein by reference. 

The GPS signal receiver/processor 25 can operate 
only in response to receipt of an interrogation signal 
from the controller/modem 21, if desired, in order to 

10 reduce the electrical current draw from a power supply 
for the controlkr/modem. In this embodiment, the 
receiver/processor 25 is normally in a "ste eper " mode 
and b awakened only when This approach 

conserves electrical power used to operate the recei- 

15 vex/processor 2S and also makes detection of the pres- 
ence of the apparatus more difficult Alternatively, the 
receiver/processor 23 may be awakened p eriodic al l y 
(eg., once every 15 minutes) to obtain a new fix on the 
OPS satellites) that provides the signals needed to 

20 calculate the present vehicle location. This apparatus 
serves as a missing vehicle locator system a cc ordin g to 
the following procedure. 

FIG. 2 illustrates, in flow chart form, a procedure 
that can be followed to locate a inissmg vehicle. In step 

25 41, a vehicle owner or operator notices that his/her 
vehicle 13 is inissmg and notifies a vehicle location 
service center (the "Center") 15. In step 43, the Center 
(or the vehicle owner) sends a page request to a pager 
network or broadcasts a paging request itself A paging 

30 request is broadcast, requesting a r espouse ™«<»tmg 
the present location of the missing vehicle 13, in step 48. 
In step 47, the page responder 19 in the missing vehicle 
13 receives the paging request and notifies the control* 
ler/modem 21 that a vehicle location request was re* 

35 ceived. In step 49, the controller/modem 21 interro- 
gates the GPS signal receiver /pr o cessor 25, also lo- 
cated in the vehicle, as to the present, or last known, 
vehicle position. In step 51, the receiver/processor 25 
obtains the present location mformation for the vehicle 

40 13 from the GPS satellite signals and sends this position 
fix to the controller /modem 21. The receiver/processor 
25 may have received this mformation continuously in 
the recent past, or the GPS receiver may have been 
M awakened 9t and caused to determine the present vehi- 

45 cle position by a missing vehicle notification received 
from the cantroQer/niodem 21. 

In step 53, the controuex/modem 21 causes the cellu- 
lar telephone or srrnflar com m u flica iwn means 23, also 
located in the missing vehicle 13, to place a call to the 

50 Center or to the owner. The handset for the cellular 
telephone 23 may be disabled by the controller/modem 
21 to make the cellular phone appear to be non-opera- 
tjonal if the cellular phone is not hidden from view. 
When the Center answers the call from the ceQular 

55 telephone 23, the controller/modem 21 transmits the 
vehicle present location mformation to the Center m a 
short burst of data, m step S3. The vehicle present loca- 
tion mformation can be updated continuously or inter- 
mittently, or the cellular telephone 23 may respond only 

60 once, as desired. In step 57, the Center decodes the 
vehicle position information (if this information is not 
already decoded), displays the vehicle present location 
on a map (optional), and notifies the vehicle owner 
and/or police of the vehicle's present location- The 

45 vehicle owner and/or police can then recover the miss- 
ing vehicle. When the telephone call is te rmina t e d by 
the Center, the controller/modem discontinues sending 
location fixes. 
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Alternatively, the trigger event that causes the vehi- 
cle location center IS in FIG. 1 to be notified may be 
unauthorized movement of the vehicle or some other 
unauthorized action sensed by a sensor p os i t i on ed on or 
adjacent to the vehicle 13. If this trigger event occurs, 5 
the vehicle 13 itielf may notify the vehicle location 
center 15 of the vnauthorized action and of the present 
location of the vehicle, without requiring receipt of a 
page. This procedure is illustrated in flow chart form in 
FIG. 3. In step 67, unauthorized action involving a 1C 
vehicle, such as movement of the vehicle, is sensed by a 
trigger event sensor 79 (FIG. 5) that is attached to or 
adjacent to the vehicle U The event sensor 79 causes 
the controller modem 21 to interrogate the receiver/- 
processor 25 for present location information on the 13 
(missing) vehicle, in step 69. The steps 71, 73, 75 and 77 
in FIG. 3 are the same as the respective steps 51, 53, 35 
and 57 in FIG. X 

FIG. 4 illustrates dectromc apparatus 61 to be car* 
ried on the vehicle according to the first embodiment of 30 
the invention. This apparatus includes: the wrtrana 27 to 
receive the GPS signals; an optional preamplifier 30 to 
jMihatw-* the GPS signals received by the antenna 27; the 
signal receiver/processor 25 to receive and process the 
GPS signals received from the 27; the control- 23 

lex/modem 21 to receive a paging request, to interro- 
gate the receiver/processor 25 when such paging re- 
quest is received, and to *r mnmif the vehicle location 
information, using a / ** f * nt * Y> connection; and the cefln- 
lar trlfpbcmc 23 to contact the vehicle location service 30 
cen te r to assist the controller modem 21 in transmitting 
the present location of the vehicle 13. The vehicle bat- 
tery (not shown) or a separate power supply 32 may 
supply power to operate the paging responder 19, the 
controQer/modem 21, the ceQular tisntii i ittrr 23, the 13 
GPS signal receiver/processor 25, the antenna 27 and- 
/or the preamplifier 30. Preferably, a back-up power 
supply, such as 32, provisionally provides power for 
operation of the other apparat u s components when 
power from the primary power source is not available. 40 

FIG. 5 illustrates electronic apparatus to be carried 
on or provided adjacent to the vehicle su touting to the 
second embodiment of the invention. The paging re- 
quest responder 19 shown in FIG. 4 is replaced by a 
trigger event sensor 79 that functions as dis cussed m 45 
connectioo with FIG. 3, with ail other uaupoi i r ii U 
being as in FIG. 4 

The Global Poaitionmg System (GPS) is part of a 
satellite-based oavigatkn system developed by the 
United States Defense Department under its Navstar SO 
program. A fully operational GPS mdndes up to 24 
yf t^Q fr— approximately uniformly dis persed around sis 
circular orbits with four sarrilitirs each, the orbits being 
inclined at an angle of 55* relative to the equator and 
>wmfl w ^n ri H from each other by multiples of 60* 55 
longitude. The orbits have radii of approximately 
26*560 ttocneters and are approximately circular. The 
orbits are non-geosynchronous, with (XJ sidereal day 
(1 1.967 hours) orbital time intervals, so that the satellites 
move with time relative to the Earth below. Tbeoreo- 60 
cally, three or more GPS satellites wul be visible from 
most points on the Earth's surface, and visual access to 
one or more such satellites can be osed to determine an 
observer's position anywhere on the Earth's surface, 24 
hours per day. In the present GPS procedure, GPS 65 
signals from three or more satellites are used to deter- 
mine position. However, by using other signal coding 
t^htiwp^, h may be possible to use GPS signals re* 
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ceived from only two, or even one, GPS satellite for 
position determination. Each satellite carries a cesium 
or rubidium atomic clock to provide timing information 
for the signals transmitted by the satellite* Internal 
S clock correction is provided for each satellite dock. 
F*ch GPS satellite transmits two L-band carrier sig- 
nals: an LI signal having a frequency fl = 1573.42 MHz 
and an L2 signal having a frequency H= 1227.6 MHz. 
These two frequencies are integral multiples fl = 1500 
10 fO and Q=1200f0ofa base frequency R)»t.023 MHz. 
The LI and L2 signals from each satellite are binary 
phase shift key (BPSK) modulated by predetermined 
psCT <fo random noise (PRN) codes that are different for 
m^h of the GPS satellites deployed. One motivation for 
15 use of two carrier signals LI and L2 is to aflow partial 
^mpwmfww for propagation delay of such a signal 
through the ionosphere, which delay varies approxi- 
mately as the inverse square of signal frequency f (delay 
of- 2 ). This phenomenon is discussed fay MacDoran in 
20 U.S. Pat No. 4*463,357, which discussion is incorpo- 
rated by reference herein. When transit time delay 
through the ionosphere is determined, a phase delay 
associated with a given carder signal can be <Vtrnrrinfri 
Use of the PRN codes allows use of a plurality of 
25 GPS satellite signals for determining an observer's posi- 
tion t^h for providing navigation mfornisbon. A signal 
transmitted by a partir*^*** GPS signal is selected by 
generating and ^^hm g, or correlating, the PRN code 
' for that particular satellite. All PRN codes are known 
30 and are stored in GPS satellite signal receiverj carried 
by ground observers. A first PRN code far each GPS 
satellite, sometimes referred to as a pt c ciik m code or 
P-code, is a relatively long, fine-grained code having an 
associated clock rate of 10 fO-1023 MHz. A second 
33 PRN code for each GPS sateflfte, soniethnes referred to 
as a clear/acquisition code or C/A code, is intended to 
frfffi w rapid satellite signal acquis it ion and is a rela- 
tively short, coarser-grained code having a clock rate of 
f0» 1.023 MHz. The C/A code for any GPS satellite 
40 has a kngth of 1023 chips or time increments before this 
code repeats. The P-code for any GPS sateffite has a 
length of precisely one week (7 000 days) before this 
code repeats. The GPS satellite bit stream includes 
information on the ephemcris of each GPS satellite, 
45 parameters kseatifying the particular GPS satellite, and 
corrections for wnospherrc signal propagation delays. 
A useful discussion of the GPS and techniques for ob- 
taining position tforma&on from the satellite signals is 
found m Guide To GPS Pcsxttaring, edited by David 
SO Wells, Canadian GPS Associates, lttl 

A second configuration for global positionin g is the 
GLONASS system, placed in orbit by the former So- 
viet Union. GLONASS abo uses 24 satellites, distrib- 
uted approximately uniformly m three orbital planes of 
55 eight satellites each. Each orbital plane has a nominal 
inclination of 64.8* relative to the equator, and the three 
orbital planes are separated from each other by multi- 
ples of 120* VmgT*^^ The GLONASS circular orbits 
have smaller radii, about 25*5 10 kilometers, and a satel- 
(50 h^ period of revolution of 8/17 of a sidereal day (1 L26 
hours). A GLONASS satellite and a GPS satellite win 
thus complete 17 and 16 revolutions, respectively, 
Around the Earth every 8 days. The GLONASS system 
oses two carrier signals LI and L2 with frequencies of 
65 fl =(1.602 +9k/l6) MHz and C-(1.246+7k/16) MHz, 
where k (=0, 1, 2, ... f 23) is the channel or s atellite 
number. Because the '~ K>T ™^ fr equencies are distin- 
guishable from each other, the P-code, and also the 
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C/A code, is the same for each satellite. Reference to a 
Global Positioning System or GPS herein refers to a 
GPS satellite configuration and to a GLONASS satel- 
lite corifigurasofi. 

Although implementation of the invention herein 3 
uses a GPS or GLONASS satellite system to provide 
"location fix" signals ton which she location of the 
signal receiver processor can be determined, other 
methods may also be osed to provide a location fix. For 
^ttfwpi^ the LORAN system, which provides a plural- 10 
ity of three or more tall structures, each having a trans- 
mitter that broadcasts a time-coded mcra g r ttqnrncr , 
can be used to detrrrrmre present vehicle location by 
txiangulatkm. The LORAN system is described m U.S. 
Pat No. 3,663,086, issued to Magee et ai which is mcm> 
porated herein by reference. If a tune-coded message 
sequence is received from each of three LORAN trans- 
mitters, the relative tune delays between these three 
messages can be used to determine the location of the ^ 
«gn»l receiver/processor with an estimated inaccuracy 
of several meters. One disadvantage of use of a 
LORAN system, vis-a-vis a GPS or GLONASS posi- 
tioning system, is that a large number of tall structures, 
with transmitters mironf* thereon, must be used to 23 
cover a given ares with a LORAN system; whereas a 
relatively small number of GPS or GLONASS satellites 
suffice for location determination using a OPS or 
GLONASS configuration. Using a LORAN location 
termination system, a LORAN signal receiver/- 30 
processor would replace the GPS (or GLONASS) sig- 
nal receiver/processor in FIGS 1 and 2, with all other 

features remaining as before. 

A third method of providing a location fix for a unsa- 
ing vehicle is through -dead reckoning", using a plural- 35 
rty of gyroscopes whose angular oricntalion a tdati ve to 
an initial, fixed rrrrmtin*^ system are accumulated, read 
out and m*'" 11 ""^ to the vehicle kxacbon s ervice cen- 
ter, upon receipt of a oocrmanri from a cun i rrilfcr A 
maiem carried by the vehicle. 40 
mg a location fix requires that the vehicle velocity v(t) 
and gyroscopicalry^determined angle cosines a(t% 0(t) 
and x(t) for vehicle orientation be monitored during all 
fWt the vehicle is m motion, in order to provide the 
cumulative location coordinate changes 45 



Az<0-J*Oc»x(O<fr'. 

of the vehicle at any particular time t from a known 53 
initial location. Use of g y ro sc opes as a navigation in- 
strument for detenmnatkn of the present angle cosines 
of an object is described in U.S. Pat. No. 4370,815, 
issued to Younkin. Use of a gyroscope for land vehicle 
navigation a disclosed by Romacker in U-S. Pit No. « 
4,41 6,066. Use of a gyroscope and an mdnced ma gnetic 
field during rotation of a body to obtain an angle cosine 
and its thne derivative is disclosed by Moore m ITS . 
Pat No. 4,197,655. Use of a gyroscope a nd an a coustic 
surface wave sensor to obtain an angle cosine and ha a 
time c^rrvative is disclosed m U.S. Pat No. 43*4,409, 
issued to Lao. These patents, which are mcorporated by 
reference herein, teach m~*h™** for use of one or more 



• 
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gyroscopes for determining an angle cosine and its time 
derivative and for simple navigation. 

A fourth method of providing a location fix for a 
missing vehicle is through dead reckoning, using a plu- 

3 raliry of local magnetic field direction season whose 
angular orientations relative to an initial, fixed coordi- 
nate system are »^nmnt±tmA i read out and transmitted 
to the vehicle location service center, upon receipt of a 
frtrmnat»rf from a controller/modem carded by the ve» 

10 hicle. This approach to providing a location fix requires 
that the vehicle velocity v(t) and the angle cosines a(t\ 
£(t) and x(t) describing vehicle orientation, determined 
by the local ^g"^- field direction, also be monitored 
during all times the vehicle is in motion, in order to 

15 provide the cumulative location c o onlinatc changes 

Ai(l)-/v<Oooia(0*'. 

20 A*t)-/v(0«»#Otff. 



Ai<t)-/v<o<wx(f)dr\ 

of the vehicle at any particular tune t from a known 
initial location. Use of local magnetic field direction 

* sensors to help determine the present direction of a 
moving object is described by Takai in U.S. Pat No. 
4,743,913. The Earth's magnetic field varies in intensity 

3Q from about -0.7 Gauss near the South Pole to approxi- 
mately 0 Gauss at the equator to around +0.6 Gauss at 
60* North latitude, which passes near the magnetic 
north pole in the Hudson Bay region of North America, 
according to D. S. Parasms, Magnetism, Harper & 

33 Brothers, New York, 1961, pp. 91-121. The direction of 
the local "' f^ A* 4 * 4 varies in an irregular manner 
with the latitude and longitude coordinates on the 
Earth's surface. Thus, if a map of the amplitude and 
direction of the local magnetic field is prepared and 

40 stored in a computer memory, which can be carried on 
the vehicle or kept at a base station of the missing vehi- 
cie location system, use of the map plus the output 
signals from the local field sensors will allow 

the present location of die vehicle, whether in motion 

45 or not, to be determined with acceptable accuracy. 
I claim: 

1. Apparatus for determining the present location of a 
missing vehicle, the apparatus co mprising' 
a GPS signal and receiver/processor, con- 

50 nected to the antenna, attached to a vehicle, to 
receive and process GPS signals to determine the 
present location of the vehicle to which the an- 
tenna and receiver / processor are machM; 
an event sensor that determines when a selected trig- 
35 ger event involving the vehicle has occurred and 
issuing a sensor output signal when that event oc- 
curs; 

controller means, connected to the GPS receiver A 
processor and to the event sensor, for receiving the 

60 event sensor output signal and, in response thereto, 
for issuing a first output signal that is received by 
the GPS receiver/processor that commantta the 
receiver/processor to determine and issue as an 
output signal the present location of the receiver/- 

65 processor, and for receiving the receiver/proces- 
sor output signal representing present l ocation of 
the receiver/processor and issuing this present 
location information as a second output signal; 
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a cellular telephone, connected to the controller 
means, for receiving the controller means second 
output signal and, in response thereto, for transmit- 
ting the controller means second output signal to a 
selected telephone number, and 5 

a power supply to deliver electrical power to at least 
one of the receiver/processor, the event sensoi , the 
controller means and the orflular transmitter, 

where the receiver/processor, the event sensor, the 
controller means, and the cellular telephonr are all 10 
carried on the vehicle whose present location is to 
be determined. 

1 The apparatus of claim 1* wherein the pr e se n ce of 
at least one of said antenna, said receiver/processor and 
said cellular telephone is concealed on said vehicle. 15 

3. A method for determining the present location of a 
missing vehicle* the method prki»g the steps o£ 

providing a vehicle with a vehicle location signal 
receiver/processor that receives position location 
signals from two or more locntioA-sensmg sensors 20 
located on the vehicle and uses these signals to 
dttf H" i " * the present location of the vehicle on 
which the and the recover/processor are 

located, where the receiver/processor c om p rises : 

a prurah^ of gyroscopes and associated vehicle angu- 23 
lar orientation sensors attached to the vehicle to 
determine and issue output signals mri rating die 
present angular orientation of the vehicle; 

a vehicle velocity sensor to determine and issue an 
output signal indicating the present velocity of the 30 
vehicle; and 

a signal processor that receives the output signals 
from the vehicle angular orientation sensors and 
the vehicle velocity sensor and determines the 
present location of the vehicle from these signals; 35 

providing the vehicle with a page respond er to re- 
spond to a page request broadcast by a vehicle 
location service or paging service; 

providing the vehicle with a ceQular telephone that 
may be activated to place a telephone call to a 40 
selected telephone number, 

providing the vehicle with a controller/modem that 
b electrically connected to, and controls the opera- 
tion at the receiver/processor, the page responder 
and the cellular telephone; 45 

when the vehicle is determined to be missing, causing 
the vehicle location service or paging service to 
broadcast a page requesting the present location of 
the missing vehicle; 

causing the page responder in the vehicle to receive 50 
the page request and, in l e spouse thereto, to cause 
the controller/modem to interrogate the receiver /- 
processor concer nin g the present location of the 
vehicle; 

ftiiwng the reccrvtf /processor to obtain mfonnanou 55 
on the present location of the missing vehicle and 
to provide this information for the controller/- 
modem; and 

/Minwy the controller/modem to cause the rrftular 
telephone to contact a selected vehicle location 60 
service or paging service and to communicate in- 
formation on die vehicle present location to the 
vehicle location service or paging service, 

whereby information on the present location of the 
vehicle is made available to an owner or operator 65 
of the missing vehicle. 

4. A method for detenrnnrng the present location of a 
aissing vehicle, the method comprising the steps of: 
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providing a vehicle with a vehicle location signal 
receiver/processor that receives position location 
signal* from two or more location-sensing sensors 
located oo the vehicle and uses these signals to 
determine the present location of the vehicle on 
which the antenna and the receiver/processor are 
located, where the receiver/processor comprises: 

a pluralny of local magnetic field angular orientation 
sensors attached to the vehicle to determine and 
issue output signals indicating the present angular 
orientation of the vehicle; 

a vehicle velocity sensor to determine and issue an 
output signal m* 4 ****"*? the present velocity of the 
vehicle; and 

a lig ! 1 ^ pi occa aor that receives the output signals 
from the vehicle angular orientation sensors and 
the vehicle velocity sensor and determines the 
present location of the vehicle from these signals; 
providing the vehicle with a page responder to re- 
spond to a page request broadcast by a vesicle 
location service or paging service; 
providing the vehide with a cellular telephone that 
may be activated to place a telephone call to a 
selected telephone number; 
provkhng the vehicle with a controDer/modem oat 
is electrically connected to* and controls the opera- 
tion of, the recerver/processor, the page responder 
x and the cellular telephone, 
when the vehicle is determmpd to be missing, causing 
the vehicle location service or paging service to 
broadcast a page reatiestmg the presem location of 
the missing vehicle; 
causing the page responder in the vehicle to receive 
the page request and, in r esp onse thereto* to cause 
the controller/modem to interrogate the receiver A 
processor concerning the present location of the 
vehicle; m 
causing the receiver/processor to obtain information 
on the present k)cation of the missing vehicle and 
to provide mis mformatkm for the controfler/- 

<qrt^m- sod 

causing the controller/modem to cause the cellular 
telephone to contact a selected veincfc location 
service or paging service and to communicate in- 
formation on the vehicle present location to the 
vesicle location service or paging service, 

whereby infonnation on the present location of the 
vehicle is made available to an owner or operator 
of the ™g vehicle. 

5. A method for dfte r™™™g the piuuit Vocation of a 
TTximng vehicle, the method comprising the steps of: 

providing a vehicle with a vehide kcanon signal 
recerver/processor that receives position location 
fignah from two or more location irnring season 
located on the vehicle and uses these signals to 
determine the present location of the vehicle on 
which the antenna and the receiver/processor are 
l^ t t^< J where the receiver-processor comprises: 
60 a plurality of gyroscopes and associated 

lar orientation sensors attached to the vehicle to 
determine and issue output signals md rating the 
present angular orientation of the vehicle; 
a vehicle velocity sensor to determine and issue an 
63 output signal indicating the present velocity of the 
vehicle; and 

a signal processor that receives the output signals 
from the vehicle angular orientation sensors and 
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the vehicle velocity sensor md determines the 
present location of the vehicle from these signals; 

providing the vehicle with an event sensor to sense 
occurrence of a selected vehicle trigger event in- 
volving the vehicle; 5 

providing the vehicle with a cellular telephone that 
may be activated to place a telephone call to a 
selected telephone number, 

providing the vehicle with a controDer/modem that 
is electrically connected to, and controls the opera- 10 
don of, the receiver/processor, the event sensor 
and the cellular telephone; 

when the sensor determines that a vehicle trigger 
event has occurred, ^* T »*" | fl the controller/nodes 
to interrogate the receiver/processor concerning 15 
the present location of the vehicle; 

^n«fwg the receiver/processor to obtain tnfo rmifto n 
on the present location of the vehicle and to pro- 
vide this information for the conxrolfer/modem; 

and 20 

causing the controller/modem to cause the cellular 
telephone to contact a selected vehicle location 
service or paging service and to communicate in- 
formation on the vehicle present location to the 
vehicle location service or paging service, 25 

whereby information on the present location of the 
vehicle is made available to an owner or operator 
of the vehicle. 

6. A method for determining the present kxation of a 
unsung vesicle, the method comprising the steps ofc 30 

providing a vehicle with a vehicle kxation signal 
receiver/processor that receives position location 
signals from two or more iocatic*-settsmg sensors 
located on the vehicle and uses these signals to 
determine the present location of the vehicle on 35 
which the antenna and the receiver/processor are 
located, where the receiver-processor cumnri i ri 

a plurality of local magnetic field angular orientation 
sensors attached to the vehicle to drtrrmmc and 
issue output signals mrtrrarrng the present angular 40 
orientation of the vehicle; 
a vehicle velocity sensor to detrnnhm and issue an 
output signal nK^ting the present velocity of the 
vehicle; and 

a signal processor that receives the output signals 45 
from the vehicle angular orientation sensors and 
the vehicle velocity tensor and dete r min e s the 
present location of the vehicle dot these signals; 

providing the vehicle with an event sensor to sense 
occurence of a tfltr— 1 vehicle trigger event in- 50 
vdving the vehicle; 

provkting the vehicle with a cellular telephone that 
may be activated to place a telephone call to a 
^w»f<w4 telephone number; 

providing the vehicle with a controlkr/modem that 55 
b electrically connected to, and controls the opera- 
tion of, the receiver/ pr oce ssor , the event sensor 
and the cellular telephone; 

when the sensor determines that a vehicle trigger 
event has occu r red, ^"^g the controDer/modem 60 
to interrogate the receiver/processor concerning 
the present location of the vehicle; 

r r xm g the receiver/processor to obtain information 
on the present location of the vehicle sod to pro- 
vide this mformation for the controlkr/modem; 65 
and 

causing the controller/modem to cause the ceflnlar 
telephone to contact a selected vehicle location 
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service or paging service ud to communicate in* 
formation on the vehicle present location to the 
vehicle location service or paging service; 
whereby information on the present location of the 
5 vehicle is made available to an owner or operator 
of the vehicle. 
7. A method for detennining the present location of a 
missing vrmicle, the method co m p risi ng the steps of: 
providing a vehicle with a LORAN signal antenna 
10 and receiver/processor, connected to the antenna, 
where the antenna and receiver/processor receive 
time-coded LORAN signals from a plurality of 
LORAN signal transmitter* and determine the 
location of a selected vehicle vehicle location from 

providing the vehicle with a page responder to re- 
spond to a page request broadcast by a vehicle 
location service or paging service; 
providing the vehicle with a cellular telephone that 
*° may be activated to place a telephone call to a 
selected telephone number, 
providing the vehicle with a controller/modem that 
is electrically connected to, and controls the open- 
don of, the receiver/ pr o cessor , the page responder 
and the cellular telephone, 
when the vehicle is determined to be irtmmg, earning 
the vehicle location service or paging service to 
broadcast a page requesting the present location of 
the fag vehicle; 
causing the page responder in the vehicle to receive 
the page request and, in response thereto, to cause 
the controDer/modem to interrogate the receiver/- 
processor concerning the present locat ion of the 
3« vehicle; 

r»i»«ig the LORAN signal receiver/processor to 
obtain mfbnnarion on the present location of the 
vehicle and to provide this information for the 
controller/modem; and 
4Q causing the controller/modem to cause the ceflular 
telephone to contact a selected vehicle location 
service or paging service and to ntminunicate in- 
formation on the vehicle present location to the 
vehicle location service or paging service, 
43 whereby mfoi u ia tion on the present location of the 
vehicle is made available to an owner or operator 
of the tw«*otig v ^fri^-V- 

8. The method of claim 7, further comprising the step 
of concealing the presence of at least one of said an- 

50 said receiver/ pr oce ssor and said cettular tele- 

phone on said vehicle. 

9. The method of claim 7, farther co mpris ing the step 
of decoding said vehicle present location information 
received by said vehicle location service or paging 

55 service. 

10. The method of claim 7, farther comprisin g the 
step of causing said ceOular telephone to communicate 
said present location mfbrmanou for said vehic le at least 
twice in response to receipt of said page request by said 

60 controller/modem. 

1L The method of claim 7, further compr is in g the 
step of "«i"g said ^flniar telephone to cocmnnnicate 
said present location information for said vehicle once 
in response to receipt of said page request by said con- 
65 troDer/modem. 

11 The method of claim 7, further comprising the 
step of displaying said present location of said vehicle 
on a map or visual display after said present location 
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information is received by said vehicle location service 
or paging service. 

13. The method of claim 7, farther comprising the 
step of causing said receiver/processor to occupy an 
inactive mode and to reduce its electrical power con- 5 
sumption, except when responding to receipt of said 
interrogation from said controller/modem. 

14. The method of claim 13, further comprising the 
step of periodically activating said receiver/processor ^ 
for a selected thne interval and causing said receiver/- 
processor to redetermine its present location. 

15. The method of churn 7, farther <om prising the 
step of concealing the presence of at least one of said 
receiver/processor, said antenna and said ceOulax tele* ti 
phone on said vehicle. 

16. The method of claim 7, further unionisin g the 
step of choosing said vehicle location signal antenna 
and recerver /p roces so r to be a OPS signal antenna and 
recerver/processor that receive time-coded GPS signals 20 
from one or more satellites and determine said vehicle 
location from these signals. 

17. A method for detenninmg the present location of 
a vehicle that has been moved or tampered with m an 
unauthorized manner, the method comprising the steps 
of: 

providing a vehicle with a vehicle location signal 
antenna and receiver/processor, connected to the 
antenna, where the vehicle location signal antenna ^ 
*nA recerver /pr oces so r are drawn from the class 
comating of © a OPS signal antenna and recei- 
ver/processor that receive time-coded GPS signals 

from OPf TT mOTP f mnA determine the prea- 

eat location of a selected vehide from these signals 35 
and (3) a LORAN signal antenna and receiver/* 
processor that receive thnecoded LORAN signals 
from s plurality of LORAN signal trsmm torn and 
determine the present location of a selected vehicle 
from these signals; 40 

providing the vehicle with an event sensor to sense 
occurrence of a selected vehicle trigger event in- 
volving the vehicle; 

pcoviding the vehicle with a cellular telephon e that 
may be activated to place a tefrphnnr call to a 
selected telephone number; 

providing the vehide with a controller/modem that 
is electrically connected to, and controls the opera- 
tion o£ the recerver/processor, the event sensor jq 
>tw< die ceirciar telephone; 

when the sensor determines that a vehicle trigger 
event hat occurred, causing the controller/modem 
to interrogate the receiver/processor rtir^rn i n g 
the present tocation of the vehide; 55 

causing the receiver/processor to obtain mfbnnatton 
on the present location of the vehicle and to pro- 
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vide this information for the controller/modem; 
and 

causing the controller/modem to cause the cellular 
telephone to contact a selected vehicle location 
5 service or paging service and to communicate in* 
formation on the vehicle present location to the 
vehicle location service or paging service, 
whereby mronnation on the present location of the 
vehicle is made available to an owner or operator 
10 of the vehicle. 

IS. The method of claim 17. farther comprising the 
step of concealing the presence of at least one of said 
iwtwwn, said receiver/processor and said cellular tele- 
phone on said vehicle. 
15 19. The method of claim 17, further c oarpmrn g the 
step c^caoosmg, at said vehicle trigger event, the unau- 
thorized m ovement of said vehicle, as sensed by said 
event sensor. 
20. The method of claim 17, further comprising the 
20 steps of: 

cl yym pg as said event sensor a vehicle security alarm 
that senses occurrence of an utttuthorixed action 
affecting said vehicle; and 
choosing, as said trigger event, tctrvatic*Vtb»iecu- 
25 rity alarm. 

ZL The method of claim 17, further comprismg the 
step of decoding said vehicle present location mfama- 
tkm received by said vehicle location service or paging 



30 22. The method of claim 17, further < .unpriaing the 
step of causing said cellular telephone to 



said present location mfcmaoon for said vehicle at least 
twice in response to occurrence of said vehicle trigger 
event. 

35 21. The method of claim 17. further co mprising the 
step of causing said ceflnlar telephone to oommnntrafr 
present k)catioo mfbrnmbon for said vehicle once 
in response to occurre n c e of said vehicle trigger event 

24, The method of claim 17, further ccnmrismg the 
40 step of displaying said present k>cancn of said vehicle 

on a map or other visual display after said present loca- 
tion mfbrmanon ■ received by said vehicle tocanon 
service or paging service 

25. The method of claim 17, further cooxpnsmg the 
45 step of causing said recerver/proceaaor to occupy an 

inactive mode and to reduce its electrical power con- 
tt*™, except when resp ondin g to receipt of said 
mterrogation from said ocstrcJler/tnodeffl. 

2*. The method of claim 13, further conmrismg the 
50 step of periodically activating said receiver/processor 
fox a selected ume interval and causing said receiver/- 
processor to redetermine its present locatioo. 

27. The method of dahn 17, further comprising the 
ttpp '^f ^y^rh^ the pwaeaceof at least one of said 
55 ^t*~™», said recerver/procesaor and said cellular tele- 
phone on said vehicle, 
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